In 2016 five maize inbred lines were crossed in all possible combinations without reciprocals by using a half diallel crosses mating design to obtain 10 single crosses. Parental inbred lines and their F 1 single crosses were evaluated through 2017 season to evaluate the role of general and specific combining ability, heterosis and the morphological characteristics. A randomized complete block design with three replicates was used. Results showed that mean squares of genotypes, general combining ability (GCA) and specific combining ability (SCA) were highly significant for all studied yield traits. The GCA/SCA ratio was less than unity for all studied traits, this means that these traits are predominantly controlled by non-additive gene action. Positive significant GCA effects were found for all studied traits. Based on GCA estimates, it could be concluded that the best combiners were Inb 209 and Inb 239 for most of studied traits. This result indicated that these inbred lines could be considered as good combiners for improving yield and its attributes. Positive significant SCA effects were found for all studied traits. Based on SCA effects, the best crosses for ear diameter, 100-kernel weigh and kernel number/row was C1; for ear length was C10 and for ear weight/plant, grain weight/plant and shelling percentage was C8. Results showed positive significant heterosis values for all studied yield traits. The best crosses over both their mid-parents and betterparents for ear diameter and 100-kernel weigh was C2; for ear length and kernel number/row was C5; for ear weight/plant and grain weight/plant was C9 and for shelling percentage was C8.
INTRODUCTION
was the first research worker who found that hybrids were often possessed the most striking and unusual vigor. Since that time, many research workers started a new area of plant breeding to benefit from this phenomenon, which is now known as heterosis. Abd El-Aal (2002) evaluated a set of halfdiallel crosses among eight inbred lines and the six populations of each cross. He found that heterosis values relative to the better parent were negative and significant for ear length, ear diameter, number of kernel/row and grain weight/plant. El-Shouny et al. (2003) reported that the GCA and SCA mean squares were highly significant for ear diameter, number of kernel/row and grain weight/plant. Meanwhile, the GCA/SCA ratio was larger than unity for all the studied traits except grain weight/plant, http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Plant Production Science *Corresponding author: Tel. : +201023655608 E-mail address: emanfayed76@gmail.com
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indicating that the GCA were important than SCA in the inheritance of these traits. Shafey et al. (2003) studied 28 F1 hybrids of corn and their eight parental inbred lines and they obtained quite large and medium values of heterosis formost. Abd El-Maksoud et al.
(2004) Estimates of combining ability and heterosis in some maize inbred lines for the important traits. El-Gazzar (2004) evaluated 28 F1 hybrids of maize and observed that the calculated values of heterosis were positive and highly significant for all studied vegetative and yield component traits. Barakat and Osman (2008) indicated that the tested inbred lines and testers exhibited significant GCA effects vary greatly according to the studied traits. The variance magnitude due to GCA for tested and tester lines was higher than that due to SCA for all studied traits, this indicates that additive genetic variance was the major source of variation responsible for the inheritance of these traits. Smith and Smith (1989) in USA stated that morphological traits have long been used to estimate systematic relationship in corn. They added that although morphology has proved useful for classifying corn races and populations, it may not be appropriate for elite breeding germplagm while (Cooke, 1999) reported that many of the morphological descriptors used are based on quantitative characters, the expression of which is affected by environmental factors as well as the limited number of useful descriptors of some species. El-Hawary et al. (2003) reported that the morphological differences among the tested eleven inbred lines in thirtyfour characteristics were very clear. Very slight stem zig-zag was found for all studied genotypes, except Gm. 30, Sd. 7 while tassel lateral branches were strongly recurved and Sd. 63 just recurved, Gm. 2 had conical ear shape. They added that all genotypes had white color of top of grain and dorsal side of grain and obtained results showed that all studied genotypes had no differences in anthocyanin coloration of glumes of cob which were absent. El-Abady (2005) identified the variability among three inbred lines, two Single Crosses and one Three-Ways cross using morphological characters according to UPOV (1994) and found that there were significant differences among the genotypes studied in most of the characters studied. Badu et al. (2017) studied the advances in genetic enhancement of early and extra-early maize for Sub-Saharan Africa. The aim of this study was to determine the role of general and specific combining ability and heterosis for some agronomic traits. Also the morphological characters were evaluated for identification among maize crosses.
MATERIALS AND METHODS
Two field experiments were carried out at the Farm of the Agronomy Department, Faculty of Agriculture, Mansoura University and laboratories of Seed Technology Department, Field Crops Research Institute A.R.C. Giza, Egypt during 2016 and 2017 summer seasons. In 2016 five maize inbred lines were crossed in all possible combinations without reciprocals by using a half diallel crosses mating design to obtain 10 single crosses. These inbred lines were: Inb 202, Inb 204, Inb 208, Inb 209 and Inb 239. The seeds of all inbred lines were obtained from Maize Research Department, Field Crop Research Institute, Agricultural Research Center (ARC), Ministry of Agriculture and Land Reclamation, Egypt. Name and sources of the studied genotypes are listed in Table 1 . Diallel analysis for General and Specific Combining Ability was done. Ten single crosses comprise a half diallel between 5 inbred parents. Data of all 15 genotypes were analyzed as randomized complete blocks with three replicates. General combining ability effects for the inbred parents, specific combining ability effects for cross combinations and their respective standard errors were computed using formulae given in Griffing (1956) method 2 model 1 (fixed effects). Showed in Table 2 .
The relative importance of GCA to SCA was expressed as follows: The studied traits were recorded by visual assessment as follows in Table 3 . 
RESULTS AND DISCUSSION
Results in Table 5 indicat that mean squares of genotypes, general combining ability mean squares (GCA) and specific combining ability mean squares (SCA) were highly significant for all studied traits. The GCA/SCA ratio was less than unity for all studied traits. This means that these traits are predominantly controlled by non-additive gene action. Similar results were previosly reported by 
General Combining Ability Effects (g i )
Results presented in Table 6 regarding estimates of general combining ability effects (gi) for inbred parents for studied traits showed that positive significant GCA effects were found for all studied traits. Based on GCA estimates, it indicated that the best combiners for ear diameter and ear length were inbred lines of Inb 209 and Inb 239; for kernel No./row were Inb 204; Inb 202 and Inb 209; for 100kernel weight were Inb 204 and Inb 209; for ear weight/plant and grain weight/plant was Inb 209 and for Shelling percentage was Inb 202. These results indicated that these inbred lines could be considered as good combiners for improving yield traits.
Specific Combining Ability Effects (S ij )
Results given in Table 7 show (s ij ) for all F 1 crosses for all studied traits. Positive significant SCA effects were found in all studied traits for most crosses. Based on SCA effects, all crosses showed positive and significant SCA effects for ear diameter. It is interest to note that, maximum and desirable SCA effects were registered for ear height by C7 (Inb 204 X 239; for ear diameter and 100-kernel weight by C1 (Inb 202 X 204); for kernels/row by C2 (Inb 202 X 208) and as well as for ear yield/plant, grain yield/ plant and shelling (%) by C8 (Inb 208 X 209). So C1, C2, C7 and C8 could be selected and used in breeding programs for improving these traits. This result is in contrast with previous findings by Hosana et al. (2015) who reported that additive variance effects were more important than non-additive genetic effects. The differences could be attributed to different sets of germplasm and different environments used in these studies. 
Heterosis Over Mid-Parents
Results given in Table 8 show percentages of heterosis over mid-parents for all studied traits. Results showed positive significant heterosis values for all studied traits for all crosses except C3 (Inb 202 X 209) and C10 (Inb 209 X 239) for kernel No./row and C1 (Inb 202 X 204) for shelling percentage. The maximum percentage of heterosis over their mid-parents for ear diameter and 100-kernel weight was C1 (Inb 202 X 204); for ear length, kernel No./row and for shelling percentage was C5 (Inb 204 X 208) and for ear weight/plant and grain weight/plant was C9 (Inb 208 X 239), similar results were reported by Mosa (2003) and Welcker et al. (2005) . Table 9 show percentages of heterosis over better-parents for all studied traits. Results showed positive significant heterosis values over better-parents in all studied traits for most crosses. The highest crosses over their betterparents for ear diameter and 100-kernel weight was C2(Inb 202 X 208); for ear length, kernel No./row and shelling percentage was C5 (Inb 204 X 208); for ear weight/plant and grain weight/plant was C9 (Inb 208 X 239) similar results were reported by Amiruzza man et al. (2010).
Heterosis Over Better-Parents

Morphological Identification Qualitative characters:
As presented in Table 3 and the obtained results in Table 10 , the morphological identification could be described as follows:
Anthocyanin coloration of sheath of first leaf
Inb 202, C1, C2, C3, C4, C5, C6, C8 and C10 were very strong, while Inb 204, Inb 208, Inb 239 and C7 were medium.
Shape of tip of first leaf
Was pointed for all genotypes.
Attitude of blade on leaf just above upper ear
Straight in (Inb 202, C2 and C8), slightly recurved in (Inb 204, Inb 208, Inb 209, C4, C6, C7 and C9) and recurved in (Inb 239, C1, C3, C5 and C10).
Degree of zig-zag of stem
Slight in (Inb 208 and C2) and C10, absent or very slight in (Inb 202, Inb 239, C1, C3, C4, C5, C6, C8, C9 and C10) and absent in (Inb 209 and C7).
Anthocyanin coloration of brace roots
Was strong in all genotypes.
Anthocyanin coloration at base of glume in middle third of main axis
Present only in Inb 209, C3, C8 and C10.
Anthocyanin coloration of glumes excluding the base
Present in all genotypes except Inb 209 was absent.
Attitude of lateral branches in lower third of tassel
Was slightly recurved in all genotypes.
Anthocyanin coloration of anthers in middle third of main axis, on fresh anthers
Very strong in C6 only but Inb 204, Inb 208, Inb 209 and C5 were just strong while Inb 202, Inb239, C1, C4, C7, C8, C9 and C10 were medium but C2 and C3 were weak.
Anthocyanin coloration of cob glumes
Was absent for all studied crosses.
Ear shape
Conical in C1, C5 and C6, while C2, C7 and C8 were conico-cylindrical, whereas C3, C4, C9 and C10 were cylindrical.
Grain type
All studied crosses were dent in middle third of ear. A1  A2  A3  A4  A5 A6  A7  A8  A9  A10 A11  3  5  5  9  3  5 For genotypes name see Table ( 1), for characters name and its degree see Table ( 2).
Anthocyanin coloration of silks
Quantitative Characters
The results in Table 11 indicate that the crosses C5, C6, C7, C8 and C10 has a greatest angle between blade and stem (30º). Otherwise the lowest angle was obtained from C2 and C3 (20º). The cross C5 had a greatest angle between main axis and lateral branches in lower third of tassel which was 50º. The lowest angle between main axis and lateral branches in lower third of tassel (15º) was found in C6. C9 gave the highest number (28) of primary lateral branches, while the lowest number (14) was produced from C4. C1 gave the highest number of days of tassel emergence (70 days). The lowest number of days to tassel emergence (59 days) was reported for C9 or C10. Fayed (2009) C1 gave the highest number of days to silk emergence (71 days). Meanwhile, the lowest number of days (62) was produced from C9 or C10. (1996) . C8 gave the highest length (55 cm) of main axis above lowest side branch length (cm). Meanwhile, the lowest length (32 cm) was produced from C4. Katta and Abd El-Aty (2002) and El-Abady (2005). C10 gave the highest length (29 cm) of main axis above upper side branch. Meanwhile, the lowest length (13 cm) was produced from C3. Galarreta and Alvarez (2001). The tallest ear length without husk (22cm) was given by C6. On the other hand, the shortest ear (16 cm) was produced from C4.
The results in Table 12 indicate that the greatest length of tassel branches was produced from C6 which recorded 26 cm. On the contrary, the lowest length (15 cm) was obtained from C2 and C4. The cross C6 had the longest blade length of leaf upper ear which recorded (108 cm). On the other hand, the shortest blade leaf upper ear was resulted from C4 (83 cm). The highest value of blade width of leaf of upper ear was produced from C6, which were (10 cm), and the lowest value was obtained from C4 (6 cm). Mowafy (2003). The highest ratio height of insertion of upper ear to plant height 0.50 was produced from C9. On the contrary, the lowest ratio (0.41) was obtained from C10. The tallest peduncle was produced from C4, which was 18 cm. The shortest peduncle was produced from C5 (6 cm). C10 gave the highest number of rows of grains/plant (17 rows), Meanwhile, the lowest number was (11 rows) produced from C2. C10 cross produced the maximum ear diameter in middle (4.96 cm). C5 was found to have the minimum ear diameter (3.49 cm) Banchero et al. (2000) . 
